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Abstract 

Advanced ceramic matrix composites (CMCs) are enabling materials for a number of 
demanding applications in aerospace, energy, and nuclear industries. In the aerospace 
systems, these materials are being considered for applications in hot sections of jet engines 
such as the combustor liner, vanes, nozzle components, nose cones, leading edges of reentry 
vehicles, and space propulsion components. Applications in the energy and environmental 
industries include radiant heater tubes, heat exchangers, heat recuperators, gas and diesel 
particulate filters, and components for land based turbines for power generation. These 
materials are also being considered for use in the first wall and blanket components of fusion 
reactors. In the last few years, a number of CMC components have been developed and 
successfully tested for various aerospace and ground based applications. However, a number 
of challenges still remain slowing the wide scale implementation of these materials. They 
include robust fabrication and manufacturing, assembly and integration, coatings, property 
modeling and life prediction, design codes and databases, repair and refurbishment, and cost. 
Fabrication of net and complex shape components with high density and tailorable matrix 
properties is quite expensive, and even then various desirable properties are not achievable. 
In this presentation, a number of examples of successful CMC component development and 
testing will be provided. In addition, critical need for robust manufacturing, joining and 
assembly technologies in successful implementation of these systems will be discussed. 



Advanced Ceramic Matrix Composites (CMCs) 
for High Temperature Applications 
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Introduction/Background 

As materials systems go, the time scale for serious development 
and use for CMCs has been brief 
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Ceramic Matrix Composites Components for 
Aerospace and Ground Based Systems 
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High Temperature SiC/SiC Composite Vanes 

(fabricated by GE Power Systems Composites) 
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EBC Coated SiC/SiC Vane 
after 110 Cycles in High Pressure Burner Rig 
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No obvious degradation of SiC/SiC vane after 110 cycles 
Superalloy vanes and holder sustain heavy damage. 





CMC Components Have Shown Performance 
Benefits in Aerospace Systems 
F110-GE-129 CMC Divergent Flaps 
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Larry Zawada, AFRL, HTCMC-5, Seattle , (2004) 



CMC Components Have Shown Performance 
Benefits in Aerospace Systems 
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Larry Zawada, AFRL, Dayton, OH 


CMCs are Enabling Materials for 
Components in Space Propulsion Systems 
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Cooled CMC Panel Applications 
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Cooled CMC Heat Exchanger Panels Successfully 
Tested in Rocket Combustion Facility 

Metal tube, CMC outer Woven CMC tube 
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Several Cooled Panel Designs Successfully 

Fabricated 
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Cooled CMC Panels Tested in NASA’s Research 

Combustion Facility (Cell 22) 



Glenn Research Center at Lewis Field 







Ceramic Matrix Composite Combustor Liners 



As fabricated and EBC Coated SiC/SiC Liners, Solar Turbines 
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CMC Combustor Liners Have Shown Tremendous 
Potential in Ground Based Systems 


CM > 

O 

O o 

^ £ 


(f) 

3 _ 

5? CO 


3 

< 

£ 

■D 

Q) 


O 

£ 


"O 

o 

£ 


_ 0 ) 
CO "D 
“ CO 


_ £ _ 

CO LU 

"S) *£ 5 > 

-E o .E 

CO —I 
O 


O) 

£ 

LU 


z 52 

. 1 . 3 

I o 


a> 

£ 

£ 


>> 

n 


;0 £ 


CO _ 
6 CD 


CO 

i 

N 

O 


JQ 

a> 

~a 

co 


£ Z 

£ s_ 

CO 0) 

>, .E 


co 

O) 

£ 

'co 

o 

O 

a> 


co 
> CD 

m 

CD CO 


o 

aj 

o 

CL 


£ 

0 ) 

E 

£ 

O 


(D 

o 


> rD 

° £ JTj 

OQ LU w 


X 

CO 

■ 

*2 

CM 


■ ■ 

</) 

a> 


£ 

jO 


0) 

£ 



CD 

£ 


CD 

'5> 

E 


a> 

1^ 

CO 

> 

o 

o 

■N 

a 

CO 

E 



• • 







Glenn Research Center at Lewis Field 



Key Technical Challenges in Implementation 
of Ceramic Matrix Composite Materials 




£ 

0) 

O 


Q) 

</> 

Q) 


£ 

£ 

Q) 


o 


Largest Barriers to Insertion are Acquisition and 
Unknown Life Cycle Costs 


Need for Concurrent Manufacturing Approaches for 
Ceramic Matrix Composite Materials 
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Need of Ceramic Composites with Varying 
Thickness and Hybrid Structures 
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Approaches to Composite , ,, s ;y^> pl \ ^ w 
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Potential Benefits of Hybrid Lay-Up in 
Ceramic Matrix Composites 
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Tested Panels of Hybrid C/SiC Fiber CVI SiC 

Composites 




0 

go 

Q- 



£ 

£ 

ro 

ro 

2 


>" >• 

_ Q_ 



t 


£ 

£ 

rsi 

ro 

2 


CL 

<D 

-Q 


u 


0 



a. 


2 0^- 
T- O > 
ro — 
V© i— ru 

0 s 

00 # p 

O 

ro sO 
0 s 


00 

ro 


£ 

£ 

CM 

fN 

2 


Glenn Research Center at Lewis Field 





<D 

§ 


Ph 


Glenn Research Center at Lewis Field 




Room Temperature Tensile Behavior of Hybrid 
C/SiC Fiber CVI SiC Composites 

400 t 1 
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High Temperature Stress-Rupture Behavior in Air 
for Hybrid C/SiC Fiber CVI SiC Composites 
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High Temperature Stress-Rupture Behavior in Air 
for Hybrid C/SiC Fiber CVI SiC Composites 
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Increased loading of HN in C+HN/SiC due to 
oxidation of C fibers will be too great to 
significantly prolong rupture life in air 
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Composites with Hybrid Lay-up 
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Joining and Assembly Technologies for 
Manufacturing of Ceramic Composite Structures 
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Affordable, Robust Ceramic Joining Technology 

(ARCJoinT) 
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ARCJoinT is Used to Join and Repair a 
Wide Variety of Ceramic Composite Materials 




Composites with Different Fiber Architectures and Shapes 
Ceramics with Different Shapes and Sizes 



Technical Challenges in Design and Selection 
of Joints in Advanced Ceramic Composites 
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Fabrication of Thick C/SiC and SiC/SiC 

CMC Subelements 
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Need for a joining and attachment technology that both accommodates the 
material differences between the CMC blade and the metallic disk and matches 
the operational thermal-mechanical loads to the CMC material capabilities. 




Effect of Surface Roughness on the 
Shear Strength of Joined CVI C/SiC Composites 
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Specimen Geometry and Test Fixture Used for 
Compression Double-Notched Shear Tests 
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Typical Behavior of Joints During Shear Tests 
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Compression Double Notch Shear Strength of 
Joined CVI SiC Composites at Different Temperatures 
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education will help propel CMCs into common usage. 
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